Purpose During the apple processing procedures, a large amount of apple pomace is generated which is contains peel, core, seed, calyx, stem, and soft issue. The polyphenolic compounds in apple pomace are strong antioxidants that are able to counterbalance the free radicals; also, it is a rich source of many nutrients such as carbohydrates, minerals, fiber except protein. The experiment was conducted to investigate the effect of different levels of dried apple pomace in broilers diet. Methods The incremental levels of dried apple pomace (4, 8, 12, 16 and 20%) with and without enzyme were used in broilers diet (8 dietary treatments). The growth performance, immune response, gut development, antioxidant capacity (TAC) and blood biochemical parameters were evaluated. Results The lowest daily weight gain, body weight and poorest feed conversion ratio was obtained by F treatment (P < 0.05), enzyme inclusion along with dried apple pomace had positive effect on growth performance. The antibody titter against Newcastle, Influenza and SRBC was increased by C, H, G and H treatments, respectively (P < 0.05). Antibody titer against NDV, IDV, and SRBC by 4, 8, 12 and TAC by 12, 16 and 20% of dried apple pomace significantly increased. The villous height by 4, 8, 12 and crypt depth by 12, 16 and 20% dried apple pomace significantly and insignificantly decreased, respectively. Conclusion The results suggested that the incremental levels of dried apple pomace deteriorate growth performance, modified antibody titer production, total antioxidant capacity and blood parameters of broilers.
Introduction
Apples are well known and widespread fruits of the genus malus (about 25 species) belonging to the family Rosacea. Apple pomace is the main solid waste generated in apple juice making factories and contains > 80% moisture (Gullion et al. 2008) . Apple pomace consists of apple peel, seeds, core, stems and pulp, and represents about 25-35% of the weight of the fresh apple processed (García Dineiro et al. 2009 ). Generally, the apple processing industry generates 25-30% apple pomace and 5-10% sludge.
Apple pulp is a rich source of pectin (10-15%) and good source of carbohydrates, polyphenols and dietary fiber and has antioxidant property (Fanimo et al. 2003; Sudha et al. 2007) , which is due to some phytochemicals such as total flavonoids (0.45-1.19 mg/g) phenolics (4.22-8.67 mg/g), and total flavan-3-ols (2.27-9.51 mg/g) (Cetkovic et al. 2007 ). Base on the findings of Ganai et al. (2006) , apple pomace contains 19.34-20.66% crude fiber, 7.31-8.53% crude protein, 2.6-3.33% ether extract, 46.4-49% neutral detergent fiber and 3.85-4.7% total ash.
Apple pomace is presently used to feed animal but several factors such as low digestibility due to high lignin/cellulose ratio, low protein and mineral contents adversely affect the its value as an animal feed (Correia et al. 2007) . Dried apple pomace can be potentially used as a supplement in poultry feed.
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The observation of Zafar et al. (2005) indicate that dry apple pomace can be used safely as an energy source in broiler rations replacing maize by 10% (w/w) without any side-effects on broiler production. Inclusion of 15% apple pulp with 10% sugar beet molasses did not have any adverse effects on broilers performance (Ahmad 2004) . Kilinc and Ayhan (2002) reported that dried apple pomace can be used up to 15% in quail diets. Ayhan et al. (2009) suggested that dried apple pomace can be used as a feed ingredient in broiler diets up to 5%. Kang et al. (2009) suggested the possibility that fermented of apple pomace could be used as an alternative to antibiotic growth promoters to improve the performance and meat quality of broiler chickens. Akhlaghi et al. (2014) have demonstrated that herbal antioxidants such as dried tomato pomace, sage extract, dried ginger rhizome and dried apple pomace improve semen quality in poultry.
Beneficial effects of fruit pomaces on blood parameters were noted in piglets fed diets supplemented with apple pomace (Sehm et al. 2011) . In rats using apple pulp for 4 weeks significantly reduced their blood triglyceride and cholesterol level (Khayat Nouri and Kargari Rezapour 2011). Because of low nutrients digestibility of apple pomace, some researchers supplemented multi enzyme with apple pomace in poultry diets. Matoo et al. (2001) have reported better performance of broilers fed on apple pomace diets supplemented with a commercial enzyme preparation (alpha-amylase, hemicellulose, protease and beta-glucanase) compared with those that were not supplemented. Yildiz et al. (1998) reported that egg production and feed efficiency were influenced positively while live weight, egg breaking strength and egg shell thickness were not influenced by addition of 5% dried apple pomace with multi enzyme (hemi-cellulase, pentosanase, beta-glucanase, pectinase, protease, amylase) to the layer rations.
However, to date, no information has been published about the effects of incremental levels of apple pomace in poultry diets. Therefore, this study was performed to determine the effect of incremental levels of apple pomace with and without multi enzyme complex on performance, immune responses, gut development, total antioxidant capacity and some blood serum biochemical parameters of broiler chickens.
Materials and methods

Apple pomace preparation and analysis
Fresh apple pomace was provided from a local producer, dried in the oven (55 °C), ground and was added into broilers diet. Chemical composition of dried apple pomace was determined according to (AOAC 1994) which contained 900 g/kg dry matter, 370 g/kg crude protein, 29 g/kg ether extract, 92 g/kg crude fiber, 3 g/kg calcium and 1 g/kg phosphorous. The chemically analysed of apple pomace is presented in Table 1 . The metabolizable energy, lysine, methionine + cysteine, threonine content of DAP was considered respectively, 2700 kcal/kg, 4.3, 1 and 1.5 g/kg (Toghyani and Emadinia 2016) .
Birds and dietary treatments
Four-hundred-eighty day-old mixed sex broiler chicks (Ross 308) were purchased from a local hatchery, weighted individually on arrival time, and randomly allocated to 8 treatments and 5 replicate pens of 12 chicks each in completely randomized design. Dietary treatments included: A: control (0% DAP); C: 4, 8 and 12% DAP; E: 8, 12 and 16% DAP and G: 12, 16 and 20% DAP, in starter, grower and finisher diets, respectively. Other dietary treatments supplemented with multi enzyme and contained B (A + enzyme), D (C + enzyme), F (E + enzyme) and H (G + enzyme) ( Table 2) .
Diets were formulated to be isocaloric and isonitrogenous in starter (1-14 days), grower (15-28 days) and finisher (29-42 days) periods and to meet bird requirements according to the recommendation of Ross broiler manual (2014) (Tables 3, 4, 5) . The commercial multi enzyme as a rate of 0.5 g/kg of diet were used and contain a pectinase, proteases, endo-1,4-beta-mannanase and beta-mannosidase and beta-d-glucanase (Rovabio ® Excel, Adisseo Co, France).
Chicks were raised in floor pens (10 birds/m 2 ) for 6 weeks. Feed and water were provided ad libitum throughout the experiment. The lighting program consisted of a period of 23 h light and 1 h of darkness. The ambient temperature was gradually decreased from 33 to 24 °C on day 21 and then was kept constant. All experimental procedures were evaluated and approved by the Institutional Animal Care and Ethics Committee of the Islamic Azad University of Isfahan. 
Growth performance parameters
Body weight and feed intake of broilers were recorded at 1, 14, 28 and 42 days of age using pens as the experimental units. Feed conversion ratio (FCR) (feed intake/weight gain) was also calculated. Mortality was recorded as it occurred.
Carcass components and digestive organs
On day 42 of experiment, two birds with body weight close to the mean body weight (BW) of their pen were selected, individually weighed and slaughtered. Carcass yield, abdominal fat, liver and heart were collected, weighed and expressed as a percentage of live BW. Weight of digestive organs including pancreas, proventriculus, gizzard, small intestine and cecum were measured on day 42 and expressed as a percentage of live BW. The length of intestinal segments consisted of duodenum, jejunum, ileum and cecum were also measured and recorded.
Immune system parameters
At 29 days of age, Newcastle and Influenza antigens were injected to chickens with dual vaccine of Newcastle-influenza. Two chickens per pen were selected randomly for the brachial vein injection with a 1.0 ml of sheep red blood cells (SRBC) suspension diluted with phosphate buffer saline (pbs) on day 22. Six days later, the same wing-banded birds were bled to determine antibody titer against SRBC and also against influenza and Newcastle.
Subsequently antibody titer against SRBC was measured by haemagglutination assay method and also antibody titer against Influenza and Newcastle was separately measured by haemagglutination inhibition method. Haemagglutination inhibition antibodies were then converted to log 2 . Antibody titers against SRBC were measured by the microtiter procedure described by Wegmann and Smithies (1966) . At the end of the experiment, two birds per pen were slaughtered, spleen and bursa of Fabricius was collected and weighed to determination of lymphoid organ weight.
Small intestinal morphology
On day 28 of age, two birds of each pen were slaughtered and intestinal samples were taken immediately from the jejunum; midway between the point of entry of the bile ducts and Meckel's diverticulum, ileum; 10 cm proximal to the ileo-cecal junction were taken to evaluate the villous height, crypt depth and villous height: crypt depth ratio (V/C). Segments which were 1.5 cm in length were flushed with saline and fixed in 100 g L −1 buffered formalin (pH 7.0). The fixed intestinal samples embedded in paraffin then sectioned (5 µm) and stained with hematoxylin-eosin and examined by light microscope (Nikon, Japan). A total of 10 intact, well-oriented villous-crypt units were selected for each intestinal cross sections (3 cross sections/sample and 30 cross sections/treatment). Villous height (μm) was measured from the tip of the villous to the villous crypt junction and crypt depth was measured from the base upward to the region of transition between the crypt and V/C was then calculated (Carrijo et al. 2005) .
Biochemical blood parameters
After 12 h fasting, blood samples from 2 birds per pen were collected in non-heparinised and heparinized tube at 42 days by puncturing the brachial vein, the blood samples were centrifuged (2000 × g for 10 min) and serum or plasma stored at − 20 °C. Individual serum samples were analyzed for triglyceride, cholesterol, HDL and LDL cholesterol using the kit package (Pars Azmoon Co., Ltd., Tehran, Iran).
For determination of total antioxidant capacity (TAC), individual plasma samples were analyzed according to the method of Benize and Strain (1996) . Briefly, a working solution of ferric reducing antioxidant power (FRAP) was provided by mixing 10 volumes of buffer acetate (300 µmol/L, pH 3.6) with 1 volume TPTZ solution in HCL (40 Mm/L). After that, 1 mL solution of FeCl 3 (20 mM/L) was added and mixed. For measurement, 1.5 mL of FRAP working solution was put in the cuvette and incubated for 10 min at room temperature, then the optical density of the blank was measured spectrophotometrically at 532 nm. For test samples, 50 µL of plasma replaced by the working solution, and change in absorbance was measured. 1 3
Statistical analysis
The data were subjected to analysis of variance procedures appropriate for a completely randomized design in a factorial arrangement (2 × 4) using the GLM procedures of SAS (1997). Means were compared for significant (P ≤ 0.05) differences by using the LSMEANS. Statements of significance are based on P ≤ 0.05 unless otherwise noted.
Results and discussion
Performance parameters Table 6 shows the interaction and main effects of dried apple pomace (DAP) and enzyme supplementation on performance parameters of broilers at different rearing phases. Daily feed intake (DFI) in overall rearing phase was not affected by interaction effect of DAP and enzyme supplementation (P > 0.05). DFI in starter phase (1-14 days) showed significant difference between G and B treatments; also, lower and higher DFI obtained in G and B treatments, respectively (P < 0.05).
In grower phase, significant difference was observed between C and G treatments (P < 0.05), higher and lower DFI was observed in C and G treatments, respectively (P < 0.05). In finisher phase, DFI in B treatment significantly decreased as compared with H treatment and control group (P < 0.05).
The main effect of enzyme had no significant effect on DFI at different rearing phases (P > 0.05). The inclusion of 12, 16 and 20% DAP in starter phase significantly decreased DFI (P < 0.05), highest DFI was gained in control group (P < 0.05). In grower phase, the highest DFI was belong to 4, 8 and 12% DAP (P < 0.05). In finisher and overall rearing phase, DFI did not affect with different levels of DAP in broiler diet (P > 0.05).
In starter phase the DWG of broilers fed on G treatment significantly decreased (P < 0.05). In grower phase, DWG decreased and increased by G and C treatments, respectively (P < 0.05). In finisher and overall rearing phases DWG decreased by F treatment, and highest DWG was observed in control group (P < 0.05).
The main effect of enzyme supplementation had no significant effect on DWG of broilers; although, enzyme supplementation numerically increased it in different rearing phases (P > 0.05). The main effect of DAP showed that DWG in control group increased in starter, grower, finisher and overall phase (P < 0.05), and significantly was high in finisher phase (P > 0.05).
In starter phase FCR of broilers was not affected by interaction effect of DAP and enzyme supplementation, and the special trend was not observed (P > 0.05). While, in grower phase FCR of broilers fed on H treatment significantly increased (P < 0.05), and control group had the lowest FCR (P < 0.05). In finisher and overall rearing phases, FCR of broilers decreased and increased by B and F treatments, respectively (P < 0.05).
Main effect of enzyme supplementation on FCR was not significant (P < 0.05). In starter phase the specific trend in FCR of broilers was not observed between main effect of DAP (P > 0.05). In grower, finisher and overall rearing phases, lowest FCR was obtained in control group (P < 0.05) and highest FCR was obtained in 12, 16 and 20 DAP inclusion (P < 0.05).
The obtained results showed that, BW of broilers at 14 and 42 days of age in control group as compared with G treatment was significantly increased (P < 0.05); however, at 28 days of age broilers received G and B treatments had lowest and highest BW, respectively (P < 0.05). The BW of broilers at different rearing phases was not affected by main 3  3  3  3  3  3  3  3  Vitamin premix b 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 Mineral premix c 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 effect of enzyme inclusion (P > 0.05). The results related to main effect of DAP on BW of broilers showed that highest and lowest BW was belong to control group and 12, 16 and 20% DAP inclusion, respectively (P < 0.05).
As mentioned previously body weight of broilers in different rearing phases affected by DAP and interaction effect of DAP and enzyme supplementation in their diets (P < 0.05). Similar to obtained results, Heidarisafar et al. (2016) observed that 50 g/kg apple peel waste caused to similar body weight to control group, and inclusion of 100 g/kg apple peel waste decreased body weight of broilers at 42 days of age. Also, they observed that adding multi enzyme to broiler diet had no effect on body weight of broilers at 42 or 49 days of age, which is disagree with obtained results in recent study.
Feed intake reduction of broilers received 12, 16 and 20% DAP might be attributed to the high fiber content of these diets. Incorporation of fruit by-products with high fiber seemingly affects birds to modify their feed intake and preserve adequate energy consumption. The excessive use of fiber sources may also increase the viscosity of intestinal content and decreases bioavailability of nutrients (Heidarisafar et al. 2016) .
As it is seen, enzyme supplementation non-significantly increased DFI, DWG of broilers in different rearing phases and BW at 28 and 42 days of age (P > 0.05). A considerable improvement in growth and FCR of poultries are signs of enzyme supplementation in their diet (Hesselman and Aman 1986; Campbell et al. 1986; Pettersson and Aman 1986; Choct et al. 1996) , although, the mode of action of enzymes in broilers diet is not fully understood. It should be noted that the effects of enzymes are not equal, because they obtained from different sources, and the type, activity, optimum pH, thermo stability and resistance against digestive tract hydrolysis are not same. 3  3  3  3  3  3  3  3  Vitamin premix b 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 Mineral premix c 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 Bedford and Patridge (2011) reported that exogenous enzymes are able to hydrolyze NSP, pectin and crude fiber, so the nutrients are release and absorbed by intestinal villous. Table 7 demonstrate the interaction and main effects of DAP and enzyme supplementation in diet on carcass characteristics and internal organs of broilers. Among above mentioned parameters heart, liver, pancreas, bursa of fabricius, and spleen based on percentage of live body weight, and also length of duodenum, ileum and cecum of broilers were not affected by interaction of DAP and enzyme supplementation (P > 0.05).
Carcass characteristics
Feeding broilers with B treatment cause to increase carcass yield and abdominal fat weight (P < 0.05), while in control group and E treatment lowest carcass yield and abdominal fat obtained (P < 0.05). The gizzard weight of broilers increased and decreased in H and B treatments, respectively (P < 0.05). Treatments A and B caused to proventriculus weight reduced (P < 0.05). Treatment G reduced duodenum weight of broilers (P < 0.05); although, G treatment caused to weights of jejunum and ileum has been increased (P < 0.05). Meanwhile A and B treatments decreased weight of jejunum and ileum (P < 0.05). Cecum length in B and H treatments had lowest and greatest weight, respectively (P < 0.05).
The data obtained related to main effects of enzyme supplementation showed that adding enzyme significantly increased carcass yield, weight of abdominal fat, proventriculus, jejunum and cecum (P < 0.05).
Main effects of DAP on carcass traits and internal organs showed that, weights of liver, proventriculus, duodenum, jejunum, ileum and length of duodenum, jejunum and ileum significantly enhanced (P < 0.05); also, gizzard weight and cecum length non-significantly increased in broilers fed on diets contain 12, 16 and 20% DAP (P > 0.05). Carcass yield and abdominal fat decreased by 12, 16 and 20% DAP in broiler diets (P < 0.05).
In the study of Heidarisafar et al. (2016) , relative weights of internal organs were not affected by inclusion of apple peel waste in the diet, which is in agreement with obtained results except for weights of gizzard, pancreas, bursa of fabricius, spleen, and cecum length. The findings of Rizal et al. (2010) support the observation of recent study, they reported that inclusion of fruit juice waste mixture (carrot, apple, mango, avocado, orange, melon and tree tomato) in diet of broilers had no effect on pancreas and gizzard weights.
Nobakht (2013) used 1.5, 3 and 4.5% of dried lemon pulp in diet of broilers. Among carcass characteristics, the abdominal fat and gizzard weights of broilers significantly affected by inclusion of dried lemon pulp (P < 0.05). The present findings about abdominal fat are in agreement with findings of Rizal et al. (2010) . They used dried juice waste up to 20% in broiler diets, the percentage of abdominal fat significantly decreased without significant effect on gizzard percent.
Our observation in gizzard weight was in agreed with reported results of Chaudry et al. (2004) , who observed that the percentage of gizzard significantly increased, by inclusion of 5 and 10% citrus pulp in broiler diets. They implied that high crude fiber in the diet was the main factor that increased gizzard percent.
Lymphoid organs and immune response
The interaction and main effects of DAP and enzyme supplementation on immune response and lymphoid organs of broilers are listed in Table 8 . The spleen and bursa of fabricius weight of broilers were affected by experimental diets (P > 0.05). In general, antibody titer production against sheep red blood cell (SRBC), Newcastle and Influenza disease virus was lowest in control group (P < 0.05), and were not influenced by enzyme supplementation in broilers diet (P > 0.05). Broilers received C treatment had higher antibody production against Newcastle virus (P < 0.05). C and E treatment equally increased antibody titer against SRBC and Influenza virus (P < 0.05).
The 12, 16 and 20% DAP in broilers diet increased antibody titer production against SRBC (P < 0.05); while antibody titer production against Newcastle disease virus non-significantly increased by 12, 16 and 20% DAP in diet (P > 0.05).
As observed, broilers fed on control diet had lower antibody titer against SRBC, Newcastle and Influenza diseases virus (P < 0.05). Basir and Toghyani (2017) conducted an experiment and used 7.5, 10 and 12% dried lemon pulp in different rearing phases of broilers. They suggested that antibody titer against Influenza diseases virus significantly decreased (P < 0.05). The findings of Abbasi et al. (2015) is in contrast to present study, they reported that supplementing citrus pulp up to 2% in broilers diet had no effect on humoral immunity of broilers. Nobakht (2013) revealed that heterophil to lymphocyte ratio on broilers fed on 5% dried lemon pulp insignificantly tended to increase. Pourhossein et al. (2015) fed on broilers with sweet orange peel extracts, they observed that antibody production against SRBC was tended to be higher than control group (P > 0.05). Also, IgG and IgM titers significantly increased (P < 0.05). Serum Newcastle disease antibody titer were positively affected by treatments at 28-42 days of age. In several reports, natural feed additives are known as a strong immune factor (Khan et al. 2012) . Haq et al. (1999) reported that broilers given garlic powder showed significantly higher antibody titer against Newcastle diseases virus and Infectious bronchial disease; while, Jafari et al. (2008) reported that garlic powder in broilers diet had no beneficial effects on antibody production, which is in line with our findings. As reported earlier DAP and enzyme supplementation in broiler diets had no significant effect of lymphoid organs of broiler, base on the literatures the investigations of fruit by-products on lymphoid organs are scarce. Table 9 summarized the interaction and main effects of DAP and enzyme supplementation on TAC and blood biochemical parameters of broilers at 42 days of age. The TAC of broilers in control group compared with other treatments was significantly lower (P < 0.05). The broilers fed on G treatment gained the highest TAC (P < 0.05). The 12, 16 and 20% DAP in broiler diet caused to TAC enhanced (P < 0.05). Incorporation of DAP and interaction between DAP and enzyme supplementation significantly affected blood biochemical of broilers (P < 0.05). The interaction results revealed that levels of cholesterol, triglyceride, HDL and VLDL in blood serum of broilers significantly reduced by H treatment (P < 0.05).
Total antioxidant capacity and blood biochemical
Regard to the main effects of enzyme supplementation, the levels of triglyceride and VLDL in blood serum of broilers fed on diets containing enzyme supplement than broilers fed on diets free of enzyme, significantly enhanced (P < 0.05). The levels of cholesterol, triglyceride, HDL and VLDL in broilers received diets contain 12, 16 and 20% DAP significantly decreased (P < 0.05).
In the study of Heidarisafar et al. (2016) , total cholesterol, glucose, albumin and total protein in blood serum of broilers were not affected by apple peel waste and enzyme supplementation. However, apple peel waste resulted in higher HDL and LDL concentration than control group (P > 0.05), which is similar to obtained results in recent study. This effect could be due to the high fiber level in apple by-products. Mathlouthi et al. (2002) pointed out that indigestible fiber increases the bile acid secretion, which is end products of cholesterol metabolism (Kiyoshi and Schneeman 1989) ; therefore, the higher excretion of bile acid in small intestine of broilers could increase HDL and decrease LDL in blood serum.
Apple by-products are known as a rich source of polyphenolic compounds (Soares et al. 2008) , and these compounds are able to protect LDL lipids from oxidative stress and enhance their resistance to damage happened by oxidants (Noll et al. 2009 ). The findings of Nobakht (2013) showed that inclusion of different levels of dried lemon pulp just affected LDL concentration in blood serum of broilers (P < 0.05). The active substances like pectin in citrus pulps has desirable effect on blood biochemical parameters in human and animals (Baker 1994; Levitt et al. 1980; Poynard et al. 1980; Schwartz et al. 1988) . It was reported that immune modulating effects of natural feed extracts are associated with their ability to increase phagocytosis of potential macrophages, increase production of interleukins, interferon-Y and tumor necrosis factor secretary metabolism of macrophages, antigen presenting cells and antioxidant functions (Khan et al. 2012) . Alzawqari et al. (2016) implied that 0.8% sweet orange peel significantly increased total antioxidant capacity (P < 0.05). Also, Manthey (2004) and Anagnostopoulou et al. (2005) reported that citrus peel includes substances with antioxidant features that are attributable to the flavones.
Small intestine morphology
According to the morphological study of small intestine of broilers in Table 10 , jejuna villous height of broilers influenced by interaction effect of DAP and enzyme supplementation (P < 0.05). The interaction of DAP and enzyme supplementation could significantly affected illeal villous height and crypt depth of broilers (P < 0.05). Also, addition of enzyme to broiler diet affected crypt depth of ileum (P < 0.05). The main effect of DAP in broilers diet showed significant effect on villous height, crypt depth and their ratio in ileum of broilers (P < 0.05).
The obtained findings showed that, interaction effect of DAP and enzyme supplementation significantly affected ileum villous height of broilers (P < 0.05). The fruits such as apple which is rich in pectin and extra feeding of fiber sources with high molecular weight or those with high methoxyl contents could cause to expansion of the villous intestinal and increases goblet cell numbers which produce mucin and negatively affect nutrient absorption (Langhout et al. 1999) . Basir and Toghyani (2017) fed the broilers with incremental levels of dried lemon pulp, they suggested that ileum morphometric structure of broilers were not affected by experimental diets, and 7.5, 10 and 12% dried lemon pulp in broilers diet reduced crypt depth of jejunum; while, it was expected that to increased crypt depth. This might be attributed to the presence of tannins and soluble fiber in fruit by-products (Montagne et al. 2003) . 
Conclusion
In conclusion, enzyme supplementation had positive effect on DFI, DWG and BW at different rearing phases (P < 0.05). Administration of 12, 16 and 20% DAP deteriorated growth performance of broilers. Carcass characteristics and internal organs of broilers at 42 days of age did not show specific trend between treatments. Between diets, inclusion of 4, 8 and 12% DAP significantly increased antibody titer production against NDV, IDV and SRBC; while, TAC significantly increased by 12, 16 and 20 DAP (P < 0.05). Enzyme administration had no effect on TAC and antibody titer production. Blood biochemical parameters of broilers at 42 days of age significantly decreased by 12, 16 and 20% DAP plus enzyme (P < 0.05). Inclusion of 4, 8 and 12% DAP in broilers diet significantly decreased the jejunum villous height, and crypt depth of broilers fed on 12, 16 and 20% DAP non-significantly decreased (P > 0.05). The inclusion of 4, 8 and 12% DAP plus enzyme significantly decreased villous height and crypt depth in jejunum (P < 0.05), although the mentioned parameters increased by 12, 16 and 20% DAP plus enzyme (P > 0.05). Therefore, dietary consumption of DAP at 12, 16 and 20% in broilers diet is not recommended.
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